Supplemental Figures
Figure S1: An example of the impact of seasonality on results. Based on data from GLODAP used for site FC13-a. Seasonality has less of an impact that a change in the depth habitats. Supplemental Tables   Table S1: Elemental ratios of multi-elemental standards utilized in this study. Table S2 : Reproducibility of boron isotope standards.. Table S3 : Reproducibility of elemental ratios for CamWuellestorfi standard. Table S4 : Seasonality of foraminifera utilized in this study. Table S7 : Pre-industrial in-situ parameters estimated using calcification depths for each species and calculated parameters based on analytical results.
Trace element standards
A series of multi-element standards (Table S1 ) with fixed Ca concentration and variable B, Mg, Sr, Mn, Ba, Zn, Cd, U, Li, Al and Fe concentrations were prepared for elemental ratios analysis in Brest following the method developed by Yu et al., (2005) . Multi-element stock standard mixtures were prepared gravimetrically by spiking a 10,000 ppm Ca standard with appropriate amounts of Li, B, Al, Mn, Zn, Sr, Cd and U mono-elemental 1,000 ppm (SCP Science). They were diluted with OPTIMA grade HNO3 acid and 18.2 MΩ.cm-1water to reach a 0.28M HNO3 final solution. The stock standards (1500 ppm Ca) were prepared in 500mL cleaned PFA bottles.
Working standards were made by diluting the stock solutions to a final concentration of 100 ppm Ca. The multielement standards were calibrated at the University of Cambridge, elemental ratios are presented in Table S1 . An external standard CamWuellestorfi (Misra et al., 2014a) was used in Brest for cross-calibration and reproducibility (Table S3) .
Potential contaminations
Possible contamination of samples due to presence of silicate minerals was monitored with the Fe/Mg ratio. Samples with Fe/Mg > 0.1 mol/mol would be rejected due to potential contamination by silicate minerals (Barker et al., 2003) . Samples (site E035 excluded) have an average Fe/Mg of 0.03 ± 0.05 mol/mol (2SD, n=42), meaning that silicate minerals have been efficiently removed during our cleaning.
Contribution of Mn-Fe-oxide coatings to Mg/Ca ratio has been calculated to be 0.5 µmol/mol Mg/Ca (change for 5 µmol/mol Mn/Ca ratio Barker et al., 2003) . The maximum Mn/Ca ratio in our samples is 89 µmol/mol which can lead to a potential contribution of ~9 µmol/mol Mg/Ca or in other words a decrease of 0.1°C in our reconstructed temperatures. However, the calibration error is much larger and is estimated to be ~1.4°C (Dekens et al., 2002 We used salinity values from the World Ocean Atlas database (Boyer et al., 2013) . Oxygen isotopes may be affected by both temperature and salinity. As our sites present different hydrographic settings and freshwater inputs, location-specific δ 18 Ow-salinity relationship relationships are utilized for accurate δ
18
Ow reconstructions.
For Site CD107-a, we used a δ 18 Ow-salinity relationship of 0.56*S-19.3 (Duplessy et al., 1991) . For FC01-a and FC02-a, we used a δ 18 Ow-salinity relationship of 0.24*S-7.8 (Sime et al., 2005) , and for FC13-a and FC12-b, we used a δ 18 Ow-salinity relationship of 0.28*S-9.24-0.27 (Rosteket al., 1993) . Then, we used the calculated ambient δ 18 Ow in concert with: (1) temperature profiles from the World Ocean Atlas database (Boyer et al., 2013) , and (2) published calcite-water oxygen isotope fractionation factors, to calculate theoretical values for δ 18 Oc. Speciesspecific relationships were used when available, including for T. sacculifer (Mulitza et al., 2003) , G. ruber (Mulitza et al., 2003) , and O. universa (Bemis et al., 2002, medium light) . For all other, species we used the calcite equation from Kim and O'Niel (1997) , adapted to a quadratic form by Bemis et al., (1998) following the approach of Sime et al., (2005) . To take into account the ecology of each species, theoretical δ 18 Oc profiles were made for the season of maximum abundance (Table S4) . Therefore spring and summer profiles were used for T.
sacculifer, summer profiles used for G. ruber, and winter and annual average profiles was used for N. dutertrei.
Annual average profiles were used for the other species.
For the two sites WP07-1 and A14, a different approach was necessary because δ
Oc data is sparse. At these sites, and for our other sites, we utilized Mg/Ca-derived temperatures to estimate calcification depths (Table S6 ). TMg/Ca was derived using species-specific Mg/Ca-temperature calibrations (Table S6 ) along with the Mg/Ca ratios determined in this study. Calcification depth was estimated by comparing TMg/Ca to modern temperature profiles from the World Ocean atlas database 2013 (Boyer et al., 2013) in light of the ecology (seasonality of growth) of the species of interest. A caveat is that in certain cases TMg/Ca may be partially biased by a carbonate ion effect or salinity effect (Russell et al., 2004; Elderfield et al., 2006; Ferguson et al., 2008; Arbuszewski et al., 2010; Martinez-Boti et al., 2011) . These artifacts on TMg/Ca may be significant at highlatitude sites such as CD107-a which is located in the North Atlantic Ocean.
Depth habitat
Planktonic foraminifera live in the upper 500 m of the water column. Their preferred depth habitat depends on their ecology, which in turn relies on the hydrographic conditions. For example, G. ruber is commonly found in the mixed layer (Fairbanks and Wiebe, 1980; Dekens et al., 2002; Farmer et al., 2007) during summer (Deuser et al., 1981) whereas T. sacculifer (n or ns) is present in the mixed layer until the midthermocline depth (Farmer et al., 2007) during spring and summer (Deuser et al., 1981 (Deuser et al., , 1989 . Specimens of P. obliquiloculata and N. dutertrei are found during winter (Deuser et al., 1989) , in the mixed layer (~60m) for P.
obliquiloculata, and at mid-thermocline depth for N. dutertrei (Farmer et al., 2007) . Whereas, O. universa tends to record annual average conditions and is living within the mixed layer. Specimens of G .menardii calcify within the seasonal thermocline (Fairbanks et al., 1982 , Farmer et al., 2007 , Regenberg et al., 2009 ) even upper thermocline (Farmer et al., 2007) and records annual temperatures. And specimens of G. tumida are found at the lower thermocline or below the thermocline and record annual average conditions (Fairbanks and Wiebe, 1980; Farmer et al., 2007 , Birch et al., 2013 . Our calcification depth reconstructions are summarized in Table 3 , also see Table S6 for comparison. Farmer et al., (2007) determined the depth habitat for O. universa to be ranging from 0 to 60m (LL, Bemis et al., 1998) . Our calculation, through δ 18 O measurement, suggests a deeper habitat of around 70m (LL, Bemis et al., 1998) , 80m (ML, Bemis et al., 2002) . Whereas, the Mg/Ca method derived depth habitat calculation yields a depth habitat of 50 m. The lower habitat depth can also come from the different size fractions, as our size fraction is lower than Farmer's. O.universa is thought to migrate to shallower depth along its ontogeny (Emiliani et al., 1954) younger individuals are thus living deeper but smaller individuals might also have a deeper habitat as already suggested by Hönisch and Heming, (2004) . Since most of the published studies have used the δ 18 O-based depth calcification, we will preferentially adopt this method.
Atlantic Ocean

Indian Ocean
Calcification depths for the Indian Ocean cores have already been determined for majority of the species by Sime et al., (2005) . Additionally, Birch et al., (2013) have reconstructed the depth habitat of multiple species from a core collected in the offshore region of Tanzania (Glow 3). In Indian Ocean specimens of G.
ruber is found in the top 50m (Birch et al., 2013) and until 60 m (Sime et al., 2005) , T. sacculifer is found in the surface mixed layer (SML) but also in the upper thermocline between 50-70 m for Birch et al., (2013) and between 60 to 80 m for Sime et al., (2005 
Arabian Sea
In the Arabian Sea foraminifera are affected by changes in local hydrology caused by the Indian summer and winter monsoons. The specimens of different species collectively record a shallower habitat during SW monsoon (e.g., upwelling) and a deeper habitat during NE monsoon (Peeters and Brummer, 2002) . Except living around 40m and at 150m at site FC13-b (water depth 3200m), which is consistent with the hydrography at this site (Fig. 4) . The depth habitat of P. obliquiloculata is calculated to be 50m at both sites. Specimens of G.
menardii is found at depths of 60m, consistent with Peeters and Brummer, (2002) estimate of 50 -130m.
Pacific Ocean
For Pacific Ocean samples the Mg/Ca derived calcification depths were used in absence of δ 18 Oc values. The Sites WP07-01 and A14 are located in the Western Equatorial Pacific with Site WP07-01 characterized by a deep thermocline. At these sites G. ruber and T. sacculifer have deep depth habitat of around 100m for G. ruber (Elderfield and Ganssen, 2000) and around 125m for T. sacculifer (Rickaby et al., 2005) . The depth habitat for specimens of O. universa was determined to be 75m depth at site WP07-01 and at 55m depth at site A14. We calculate that P. obliquiloculata is living at 125m deep. Rickaby et al., (2005) estimated the living depth of N. dutertrei at 165m in agreement with our calculated depths (~125m). Specimens of G. menardii were determined to live at 180m like G. tumida (Rickaby et al., 2005) .
The data are not consistent with a dissolution effect to explain the low δ 11 B T. sacculifer in the WEP Documented dissolution effects have been attributed to the preferential dissolution of ontogenic calcite relative to the light δ 11 B of gametogenic calcite (Ni et al., 2007; Seki et al., 2010; Henehan et al., 2016 Bcarbonate reaches the 1:1 theoretical line. We tested two microenvironment pH, ΔpH1 = -0.04 and ΔpH2 = -0.06 (Fig S3) .
We've recalculated the light energy needed to decrease the pH of ΔpH1 and ΔpH2 and apply these changes to the light penetration profile determined with an insolation E0 in the WEP of 220 J.s -1 .m -2 (Weare et al., 1981) and a light attenuation coefficient of 0.028 (Wang et al., 2008 
